Background. Pelvic radiotherapy (RT) is a standard component of the management for patients with locally advanced rectal cancer or squamous cell carcinoma of the anus. Pelvic RT leads to permanent and irreversible ovarian failure in young women. This study aimed to determine the effectiveness of robotically assisted laparoscopic ovarian transposition (OT) before RT in women with rectal or anal cancer who wanted to preserve normal ovarian function. Methods. The study reviewed the medical records of all patients treated at our institution from August 2009 to October 2014 who received robotically assisted laparoscopic OT for rectal or anal cancer before RT. Clinical and hormonal data were abstracted to determine ovarian function. Results. The study identified 22 women with rectal (n = 20) or anal (n = 2) cancer. The median age of the women was 39 years (range 26-45 years). For one patient, OT was technically not feasible. The postoperative course was uneventful in all but one case. Follow-up data on ovarian function were unavailable for 3 patients. The median times from RT initiation to the last gynecologic or hormonal evaluation were 9 months (range 5-47 months) and 10.5 months (range 5-47 months), respectively. At the last gynecologic or hormonal follow-up visit, ovarian function was preserved in 12 (67%) of 18 evaluable patients, including 9 (90%) of 10 patients 40 years of age or younger and 3 (38%) of 8 patients older than 40 years (P = 0.07). Conclusions. Robotically assisted laparoscopic bilateral OT is safe and can lead to preservation of ovarian function in two-thirds of patients with low gastrointestinal cancer undergoing pelvic RT. It should be considered in this setting, especially for women age 40 years or younger, to avoid premature menopause and its associated sequelae.
ABSTRACT
Background. Pelvic radiotherapy (RT) is a standard component of the management for patients with locally advanced rectal cancer or squamous cell carcinoma of the anus. Pelvic RT leads to permanent and irreversible ovarian failure in young women. This study aimed to determine the effectiveness of robotically assisted laparoscopic ovarian transposition (OT) before RT in women with rectal or anal cancer who wanted to preserve normal ovarian function. Methods. The study reviewed the medical records of all patients treated at our institution from August 2009 to October 2014 who received robotically assisted laparoscopic OT for rectal or anal cancer before RT. Clinical and hormonal data were abstracted to determine ovarian function. Results. The study identified 22 women with rectal (n = 20) or anal (n = 2) cancer. The median age of the women was 39 years (range 26-45 years). For one patient, OT was technically not feasible. The postoperative course was uneventful in all but one case. Follow-up data on ovarian function were unavailable for 3 patients. The median times from RT initiation to the last gynecologic or hormonal evaluation were 9 months (range 5-47 months) and 10.5 months (range 5-47 months), respectively. At the last gynecologic or hormonal follow-up visit, ovarian function was preserved in 12 (67%) of 18 evaluable patients, including 9 (90%) of 10 patients 40 years of age or younger and 3 (38%) of 8 patients older than 40 years (P = 0.07). Conclusions. Robotically assisted laparoscopic bilateral OT is safe and can lead to preservation of ovarian function in two-thirds of patients with low gastrointestinal cancer undergoing pelvic RT. It should be considered in this setting, especially for women age 40 years or younger, to avoid premature menopause and its associated sequelae.
Colorectal cancer (CRC) is the third most common cancer among women, accounting for approximately 8% of all cancer deaths. 1 It is estimated that CRC will be diagnosed in 63,670 women in the United States in 2016, of whom 16,110 will have localized rectal cancers. 1 The incidence of rectal cancer among younger adults (ages 20-40 years) has been increasing in recent decades. A predictive model shows that by the year 2030, 23% of rectal cancers will be diagnosed in patients younger than 50 years. [2] [3] [4] The standard management of locally advanced rectal cancer (stages 2 and 3 disease) involves preoperative pelvic radiotherapy (RT) and concurrent 5-fluorouracil (5-FU) or capecitabine. 5 Squamous cell carcinoma (SCC) of the anal canal is a rare malignancy.
As projected, CRC will be diagnosed in slightly more than 7500 new cases in the United States in 2016.
1 However, the incidence has risen 2-3% per year during the last two decades due to the widespread prevalence of human papilloma virus (HPV) infection. It occurs more commonly among women. 6, 7 Fortunately, early-stage disease accounts for a majority of the cases. With definitive chemotherapy and pelvic RT, the treatment of localized anal cancer yields excellent outcomes. 5 Given the long survivorship of young patients with rectal and anal cancer, the risk of treatment-associated premature menopause and its consequences, ranging from genitourinary symptoms or hot flushes to increased risk of osteoporosis and cardiovascular events, is a serious consideration.
7-11 A recent study of 51 patients showed that 94.1% of these patients experienced persistent amenorrhea after pelvic chemoradiotherapy. 12 To minimize radiation-related ovarian damage, ovarian transposition (OT) (oophoropexy), a technique that aims to move the ovaries outside the irradiation field, was developed more than three decades ago. After laparoscopic surgery, preservation of ovarian function can be achieved in 89% of women younger than 40 years who undergo pelvic RT for a variety of malignancies of gynecologic and non-gynecologic origin. 13 On this basis, the American Society of Clinical Oncology (ASCO) guidelines state that OT should be discussed as an option for premenopausal women when pelvic RT is planned. 14 To date, preservation of ovarian function for patients with anal and rectal cancers undergoing OT has been assessed in case studies or small series. We aimed to determine the efficacy of robotically assisted laparoscopic OT before pelvic RT for patients with anal and rectal cancer interested in preserving reproductive potential and avoiding the deleterious effects of premature menopause.
METHODS
In 2009, after institutional review and approval, we instituted an initiative at Memorial Sloan Kettering Cancer Center (MSK) to refer young women with lower gastrointestinal (GI) cancers to be evaluated for robotically assisted laparoscopic OT before pelvic RT. A prospective database of patients undergoing this procedure was maintained. After 5 years, we retrospectively reviewed the medical charts of women with anal and rectal cancers who underwent robotically assisted laparoscopic OT between August 2009 and October 2014. Patient characteristics, treatment plans, and follow-up data were obtained. Preand postoperative follicle-stimulating hormone (FSH) and estradiol (E2) serum levels were available for a subset of patients. In the context of absent or infrequent menses, we considered a FSH level higher than 20 mIU/mL and an E2 level lower than 30 pg/mL to be indicative of premature ovarian failure. 11 When hormonal levels were lacking, absent or infrequent, menses with concomitant menopausal symptoms were used to define premature ovarian insufficiency. All patients had normal menstrual function before initiation of therapy, OT, or both.
To decrease the risk of paratubal cyst formation and hydrosalpinx, and in light of the potential role of opportunistic salpingectomy in preventing ovarian cancer, our preferred technique was to remove the fallopian tube in addition to performing utero-ovarian ligament transection. 15 This allowed for placement of the ovaries well outside the radiation fields.
The infundibulopelvic ligaments were dissected, and the ovaries were secured to the peritoneum in the right and left paracolic gutters with Vicryl suture. We aimed to place the ovaries above the level of L5-S1, corresponding to the superior aspect of the pelvic RT field, by using anatomic landmarks. The ovaries were placed lateral to the ascending and descending colon in the paracolic recesses. The ascending and descending colons were not mobilized from the retroperitoneum. Surgical clips were placed circumferentially to facilitate better visualization during RT simulation planning.
We counseled patients that they would not be able to conceive spontaneously and that the ovaries would not be repositioned in the pelvis. We encouraged them to seek assessment by a fertility specialist to discuss additional fertility preservation options either before or after cancer treatment. We also advised patients that if conversion to laparotomy was needed to complete the procedure, laparoscopic OT would be aborted to avoid excessive delay in their primary cancer therapy.
Descriptive statistics were generated, and the v 2 test or Fisher's exact test were used as appropriate. For statistical analysis, SPSS 21.0 (SPSS, Chicago, IL, USA) was used.
RESULTS
The study identified 22 patients (20 with rectal cancer and two with anal cancer). Ovarian transposition was aborted due to adhesions in one patient with rectal cancer who would have required laparotomy. Descriptive characteristics of the study population are presented in Table 1 . Only one patient experienced a postoperative complication (aspiration pneumonia), but this did not lead to significant delay in initiation of RT (19 days) . Of the 21 patients undergoing OT, 10 desired future fertility. Egg or embryo freezing before the start of cancer treatment or OT was pursued by 2 patients.
All 19 patients with rectal cancer who underwent OT had locally advanced or metastatic disease (one with stage 2, 15 with stage 3, and 3 with stage 4 disease). Before starting cancer treatment or OT, none of these patients presented with obstructing symptoms requiring diverting colostomy. Induction chemotherapy was administered to 15 patients, with 13 patients receiving it before OT.
The median time from the last chemotherapy dose to OT was 10 days (range 2-28 days). The median time from OT to initiation of pelvic RT was 20 days (range 13-163 days). All the patients underwent CT simulation and radiation oncology treatment planning. Two of the patients received induction chemotherapy after oophoropexy, so the interval between the procedure and initiation of RT was extended to 163 and 131 days, respectively. Excluding these 2 patients, the median time from OT to initiation of radiation was 20 days (range 13-44 days). The radiation dose administered to the patients with rectal cancer ranged from 5000 to 5400 cGy for the rectal tumor to 4500 cGy for the pelvic nodes.
After completion of neoadjuvant treatment, 16 patients underwent either low anterior resection (n = 14) or abdominoperineal resection (n = 2). Adjuvant chemotherapy was offered to 7 patients. The full details of the chemotherapy regimens are presented in Table 2 .
The median follow-up time from initiation of RT to the last visit or death was 29 months (range 1-72 months). At the last follow-up visit, 14 patients showed no evidence of recurrent disease, 4 patients were alive with disease, and 1 patient had died of disease. The median times from initiation of RT to the last gynecologic examination or hormonal evaluation were 9 months (range 5-47 months) and 10.5 months (range 5-47 months), respectively.
After neoadjuvant treatment, 4 patients did not undergo gynecologic examination, and 7 patients did not have serum FSH and E2 measured. Menopausal status could not be determined for 3 patients.
Both patients with anal SCC had stage 3 disease and were treated exclusively with a total dose of 5600 cGy to the primary tumor and 4500 cGy to the pelvic nodes, with concurrent 5-FU and mitomycin C. One of these patients underwent pelvic RT 13 days after oophoropexy and was alive without evidence of disease 58.7 months later. She was last seen by a gynecologist 35.3 months after the initiation of RT and received a diagnosis of premature menopause. The second patient started radiation 14 days after OT and was deemed premenopausal at her last gynecologic follow-up visit 5 months later. Unfortunately, she died of disease 12 months after beginning treatment.
Overall, 18 of the 21 patients with anal or rectal cancer were evaluable for ovarian function, as previously defined. At the last gynecologic and/or hormonal follow-up visit, ovarian function was preserved in 12 (67%) of the patients. The 18 assessable patients included 10 patients 40 years of age or younger and 8 patients older than 40 years. Ovarian function was retained in 9 (90%) of the 10 patients age 40 years or younger and 3 (38%) of the 8 patients older than 40 years (P = 0.07).
DISCUSSION
It is well established that ionizing radiation can cause direct DNA damage to ovarian follicles, resulting in follicular atrophy and decreased ovarian follicular reserve. The susceptibility of the oocyte to radiation depends on its growth phase. Primordial follicles are considered to be more radioresistant. 16 The degree to which radiation impairs ovarian function is further determined by multiple factors, including radiation dose, age at time of exposure, extent of the irradiation field, and fractionation schedule. 16, 17 At a radiation dose of less than 2 Gy, half of human follicles are depleted. 18 The ovaries of women younger than 40 years are less sensitive to the catastrophic consequences of radiation. 19, 20 A greater distance of the radiation field from the ovaries and the use of fractionated BMI body mass index, EBL estimated blood loss a Two patients with rectal cancer first underwent ovarian transposition, followed by induction chemotherapy and radiation therapy, accounting for the large time range; excluding these two cases, the time range was 13-44 days b Includes only patients who underwent induction chemotherapy followed by ovarian transposition and then radiation therapy doses exert a relatively protective effect on ovarian function. 17, 19, 21 The effects of chemotherapy on ovarian function are related to age, dose, and type of drug agent. Alkylating agents exhibit the most potent gonadotoxic properties. 19, 21 Evidence is sparse regarding the impact on ovarian function of the chemotherapy regimens commonly used for rectal cancer. In some studies, 5-FU is reported to affect the ovaries minimally, although one case of premature ovarian failure after therapy with 5-FU has been published. 22, 23 Oxaliplatin confers a higher risk for ovarian failure and birth defects (although relatively reassuring data have been recently presented). 24, 25 A study from MSK showed that administration of 5-FU, leucovorin, and oxaliplatin (FOL-FOX) was followed by persistent amenorrhea 1 year after completion of chemotherapy in 13% of CRC patients age 40 years or younger. 26 In a similar age group, the incidence of long-term amenorrhea after treatment with FOLFOX, capecitabine and oxaliplatin (CAPOX), or capecitabine for colon cancer was reported to be 4.2%. 12 Our findings are consistent with the aforementioned data. We found that ovarian preservation was age dependent. We were able to preserve ovarian function in 90% of patients age 40 years or younger. In contrast, ovarian function was preserved in only 38% of women older than 40. The statistical nonsignificance is most certainly due to the small number of cases. Tolerance of the ovaries to chemotherapy, surgical manipulation, and scatter radiation appears to be much less in women older than 40 years. These data can be logically and reasonably used to argue against transposition for women older than 40 years. However, some clinicians note that a 38% rate of preservation is an improvement over 0%.
Reduction of radiation dose to the ovaries is thought to be the mechanism through which OT can prevent ovarian failure before pelvic RT. It is suggested that the transposed ovaries are exposed to 5-10% of the radiation dose they would otherwise have received in their natural anatomic location. 21 The success rate of this strategy depends on the dose of radiation to the ovaries and the patient's age. 22 The existing experience with OT for patients with rectal cancer is limited but encouraging. 13, [27] [28] [29] [30] [31] [32] To our knowledge, only one case report describes outcomes after OT for one patient with anal SCC. According to this case report, normal serum FSH levels and menstrual cycles were restored 8 months after completion of pelvic RT. 33 As evidenced by the variable rates of ovarian function preservation, OT has limitations. Findings show that OT cannot overcome the possible gonadotoxic effects of chemotherapy. 21 Of equal importance, precise calculation and prevention of radiation scatter are difficult. 16, 21 The potentially beneficial roles of novel radiation techniques such as intensity-modulated RT (IMRT) and proton RT, which can deliver RT more focally, deserve further investigation. 16 Cancer survivors who regain cyclic menses after exposure to RT, chemotherapy, or both are still at higher risk for premature menopause in the long term. Long-term follow-up data on the degree to which OT may prevent premature menopause are largely lacking. 19 Finally, OT should be performed only when the risk of ovarian microscopic metastasis is very low. 32 Complications after OT have been recorded, although these seem infrequent. The complications include ovarian torsion, ureteral injury, bleeding, development of functional cysts, chronic abdominal pain, and adhesions, 21, 22, 30, 34 as well as a greater likelihood of premature menopause. This may be due to possible injuries to the ovarian vessels during the procedure or to other less well-defined mechanisms. 32 Disease recurrence at the laparoscopic port site or in the transposed ovaries also has been described. 21, 22, 30, 35 The risk for migration of the ovaries should always be considered. In case of two-dimensional opposed-field RT, the standard recommended ovarian position during RT is 4 cm outside the radiation field or 1.5 cm above the iliac crest. 36, 37 If IMRT is implemented, the planning organ-at-risk volume (PRV) margin is 2 cm in all directions. 38 Given the risk for ovarian migration, OT should be performed as close to the time of RT as possible. 22 Our study represents the largest series of patients undergoing OT before RT, with or without chemotherapy, for lower gastrointestinal cancers. However, we acknowledge several limitations of this study. These include the retrospective nature of this study, lack of homogeneity with respect to timing and type of chemotherapy regimens, and limited follow-up evaluation. Furthermore, we do not report data on fertility outcomes because at this writing, none of our patients has attempted pregnancy.
Although rare, spontaneous pregnancies in rectal cancer patients after OT can be achieved if tubal function is preserved. Otherwise, in vitro fertilization (IVF) is required. 22 However, it is widely known that pelvic RT confers a higher risk for pregnancy-adverse events, including spontaneous miscarriages, preterm labor, low-birth-weight infants, and placental abnormalities through multiple mechanisms. 16 Therefore, many patients with rectal or anal cancer who receive RT may eventually need IVF and gestational surrogacy to reproduce despite preservation of ovarian function. 21, 22 Moreover, the decision to bear children after completion of cancer treatment may be influenced by the disease course or treatment side effects. Nonetheless, the impact of premature menopause should not be minimized when couples are counseled, whether they are interested in having future biologic children or not.
In conclusion, despite its limitations, OT seems to be a safe and effective strategy for preserving ovarian function in patients with rectal or anal cancer who undergo pelvic RT. Recovery from this procedure does not result in clinically meaningful delays in cancer treatment. Continued investigation of ovarian function preservation, whether for reproductive or hormonal reasons, is needed. Prospective trials to evaluate the long-term benefits of minimally invasive OT, including comparison of OT with hormonal replacement therapy alone after pelvic RT, would further establish the benefits of this minimally invasive procedure for younger women (age B40 years) with rectal or anal cancer. Until then, based on our single-institution series, robotically assisted laparoscopic OT should be strongly considered for these patients in order to avoid premature menopause and its associated sequelae.
